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Abstract 
The degradation of 2-amino-2-methyl-1-propanol (AMP) has been investigated in the presence of oxygen. 
AMP was not stable and the overall degradation rate of AMP was close to that of N-
methyldiethanolamine (MDEA) under identical conditions. The primary degradation products identified 
by GC-MS were acetone, 2,4-lutidine and 4,4-dimethyl-2-oxazolidinone. The oxidative degradation rates 
of AMP strongly depended upon oxygen partial pressure. The effect of temperature on the overall 
degradation rates was also measured. No significant catalytic effect was observed when 0.1mM ferrous 
oxalate (Fe C2O4) and 0.1mM copper sulphate (CuSO4) were added into the AMP solutions, respectively, 
and the degradation rates of AMP show a weak dependence on a radical initiator. Carbon dioxide (CO2) 
was found to speed up the overall degradation rate of AMP.   
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1. Introduction 
Currently, CO2 capture through absorption-stripping with aqueous amine absorbent is considered to be an 
important technology for post-combustion CO2 capture from flue gas of fossil fuel-fired power plants. 
Aqueous solutions of amine based processes have been used for CO2 removal since 1930s [1]. In the 
existing absorption processes, alkanolamines, such as monoethanolamine (MEA), diethanolamine (DEA), 
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and N-methyldiethanolamine (MDEA) are commonly used. The advantage of using amines is that it can 
absorb CO2 effectively from relatively low CO2 partial pressure streams typically found in fossil fuel-
derived flue gases. However, large-scale application of such absorbents for CO2 capture from flue gas still 
carries an energy penalty. To reduce the cost of capture of CO2, finding alternative solvents which may 
provide better energy performance has been studied by many researchers.  
A class of alternative absorbents, sterically hindered amines, such as, 2-amino-2-methyl-1-propanol 
(AMP) has been introduced as an efficient CO2 absorbent due to their advantages over conventional 
amines [2, 3]. In comparison to MEA, AMP has a higher loading capacity of 1mol of CO2/mol of AMP. 
AMP has the same high equilibrium capacity for CO2 as that of MDEA, but has a higher rate constant for 
reaction with CO2 [3]. Zhang et al. [4] have reported the enhanced CO2 absorption capacities and 
regeneration efficiencies of AMP in comparison to other amines. AMP and the blends of AMP with other 
amines appear to be commercially attractive absorbents for CO2 capture.  
A major problem associated with alkanolamine absorption for CO2 capture from flue gases is solvent 
degradation [5]. It was estimated that solvent degradation to be around 10% of the total cost of CO2 
capture [6]. Previous studies concerning degradation of amines mostly focused on conventional amines. 
In order to minimize environmental impact and makeup cost, new amines must also have good resistance 
towards degradation induced by flue gas impurities (e.g. O2, SOx, and NOx). The present study was 
conducted to investigate the stability of AMP in the presence of O2 and CO2, evaluate the effects of 
temperature, oxygen partial pressure, and CO2 on the degradation of AMP.  
2. Experimental Methods 
All the chemicals used in this work were purchased from Fluka (Steinheim, Germany) and Sigma-Aldrich 
(Steinheim, Germany) and used as received except the gases which were provided by AGA (Oslo, 
Norway). The degradation experiments were performed either in a 200mL glass autoclave with a stainless 
steel lock or a 500ml jacketed glass reactor equipped with a turbo mixer. The AMP aqueous solutions 
were degraded under oxygen (0.25-0.35 MPa) atmosphere with/without CO2 loading at 373K-413K for 
about two weeks while periodic samples were taken. 
For a typical experimental run, 140mL of 5mol/kg aqueous AMP solution was loaded into the 200mL 
glass autoclave. The reactor was vacuumed to 30mbar after loading of AMP aqueous solution. N2 was 
then fed into the reactor to 1 bar. The solution was stirred at a speed of 200rpm with a magnetic stir bar 
and heated to the desired temperature. O2 was then introduced into the vessel up to the desired pressure. 
Approximately 2mL sample of the reaction mixture was withdrawn from the reactor through the liquid 
sampling tubing at appropriate predetermined intervals. To ensure actual representation of samples 
collected at each time interval, the sampling tubing was first rinsed to get rid of the old sample left in the 
tubing from last sample collection. To avoid further degradation, each sample was quickly quenched by 
running cold water over the sampling bottle for several minutes, and then was put in a refrigerator. Some 
runs were conducted twice to check the repeatability of the experiments. 
The remaining amine in partially degraded samples was determined by cation-exchange chromatography 
(column: IonPac SCG1with SCS1) with nonsuppressed conductivity detection using methane-sulfonic 
acid as the eluent. Degradation products were identified by gas chromatography coupled with mass 
spectrometry (GC-MS; column: DB-5MS), and anion-exchange chromatography (column: IonPac AG15 
with AS15) using potassium hydroxide as the eluent.  
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3. Results and Discussion 
3.1. Preliminary Experiment  
In this study, the overall degradation rate of AMP was compared with that of the traditional 
ethanolamines under 0.35MPa O2 and 393K, first. Elevated temperature and high oxygen partial pressure 
were used to speed up the degradation reactions of amines so that experiments could be carried out in a 
relatively short time rather than months. During the experiments, it was noticed that the colour of AMP 
solutions gradually turned to brown as degradation progressed. The degradation rates of the different 
amine are shown in Figure 1. The overall degradation rate is defined as 
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Where C0 is the initial concentration of starting amine, Ci is the remaining concentration of the starting 
amine.  As it can be seen in Figure 1, the overall degradation rate of AMP was much less than that of 
MEA, but was a little bit higher than that of MDEA under identical conditions. The experimental result 
indicates that AMP is not stable as anticipated by electron abstraction mechanism have been proposed for 
the oxidative degradation of amines [7]. AMP is postulated to be more resistant to oxidative degradation 
as it has no α-hydrogen, hence is not able to form an imine which is assumed to be the first step in the 
proposed electron abstraction mechanism. 
Figure 2 shows degradation products when 5mol/kg AMP aqueous solution degraded 384 hours under 
0.35MPa O2 and 393K. The major products identified by GC-MS included acetone (peak 1), 2,4-lutidine 
(peak 2), and 4,4-dimethyl-2-oxazolidinone (peak 3). Computer fitting of the mass spectrum to the mass 
spectra database to identify the main products was followed by the use of standards to confirm the 
identification of the components in the samples. The identified products were the same as those shown in 
Figure 2 under the other experimental conditions. AMP is assumed to be less prone to oxazolidinone 
formation due to steric hindrance. But the experimental result demonstrates that the steric hindrance in 
AMP does not prevent oxazolidinone formation.  It is important to note that no CO2 was introduced into 
the reactor in this experiment. It is reasonable to infer that CO2 could be a further degradation product of 
AMP, and then it reacts with AMP to form 4,4-dimethyl-2-oxazolidinone (Figure 3).  
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Fig.1. Degradation rates of different amines (393K, 0.35MPa O2, 384hours) 
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Fig.2. (a) Gas Chromatogram of AMP aqueous solution at the beginning of the experiment (0 hour); (b) Chromatogram of a partially 
degraded AMP aqueous solution at the end of the experiment (384 hours) 
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Fig.3. Scheme of formation of 4,4-dimethyl-2-oxazolidinone. 
3.2. Thermal Degradation 
In the current experiments, the overall degradation rate is a combination of thermal degradation and 
oxidative degradation. Thermal degradation refers thus to the degradation only caused by heating. 
Thermal stability of AMP was investigated before running of the oxidative degradation experiments in 
this work. Thermal degradation experiments were performed by heating AMP aqueous solutions under a 
blanket of nitrogen at 393K and 413K for 384 hours, respectively. Figure 4 shows the AMP concentration 
as a function of time in the presence of the blanket gas. When nitrogen used as the blanket gas, no 
significant AMP loss was observed. This result indicates the effect of thermal degradation on the overall 
degradation of AMP can be disregarded, at least up to 384 hours at 413K.  Thus, thermal degradation of 
AMP was not taken into account in the later experiments. 
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Fig.4. AMP concentration as functions of time and temperature under 0.25MPa N2 
3.3. Effect of Temperature 
The effect of temperature was verified in a range of 373K-413K. Figure 5 is a plot of remaining AMP 
concentration versus degradation time at different temperature for an initial AMP concentration of 
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5mol/kg and under an O2 partial pressure of 0.25MPa. It is seen in the Figure 5 that the decrease in AMP 
concentration with reaction time was more rapid at higher temperature (413K) than at the lower 
temperature (373K). The overall degradation rates at 373K, 393K and 413K were calculated as 2.2, 2.6, 
3.4mmol/kg.hr at 384hours, respectively. The overall rate measured as > @ tAMP '' , where > @AMP'   
represents the overall change in AMP concentration and  t' represents the minimum time taken to obtain 
this change. As expected, the overall rates of the oxidative degradation of AMP increased with raising 
temperature. 
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Fig.5. AMP concentration as functions of time and temperature under 0.25MPa O2 
3.4. Mass transfer limitation 
The effect of O2 partial pressure on AMP degradation rate was evaluated in experimental runs with 
5mol/kg AMP at 393K by comparing the results obtained using 0.25MPa O2 with those of 0.35MPa O2 
pressure. The plot of the remaining AMP concentration versus time is given in Figure 6. It was found that 
the AMP loss as a function of time was much higher with 0.35MPa O2 than with 0.25MPa O2. This 
indicates that the degradation rate of AMP increases dramatically with an increase O2 pressure.  
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Fig.6. AMP concentration as functions of time and O2 partial pressure at 393K 
AMP degraded with oxygen in the reaction vessel is a two-phase system. Oxygen should be dissolved in 
AMP solution first. The rate of oxygen diffusion into AMP solution depends, first, on the mode and rate 
of mixing the gas and liquid, and second, on the partial pressure of oxygen. The strong dependence of 
degradation rate on O2 partial pressure indicates that the oxidative degradation of AMP may be controlled 
by O2 mass transfer in our experimental conditions. If the rates are controlled by the rate of O2 mass 
transfer, it can be expected that the degradation rate will be increased when agitation rate increases under 
a certain oxygen pressure. The data generated in the turbo mixed reactor were consistent with this 
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assumption, and the observed results were shown in Figure 7. It shows clearly that increase of agitation 
rate increased the degradation rate of AMP dramatically, similar as observed for MEA [7].  
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Fig.7. Effect of agitation rate (0.25MPa O2 and 393K) 
Oxidative degradation of amines was claimed that it can be catalyzed by the presence of dissolved 
transition metals such as iron and copper [7,8]. The effects of dissolved iron and copper on the rate of 
AMP loss were examined. 0.1mM ferrous oxalate (FeC2O4) and 0.1mM copper sulfate (CuSO4) were 
added into the AMP solutions, respectively. But no significant catalytic effect was observed when the 
transition metals ions were added into the AMP solutions, as shown in Figure 8. The degradation rates of 
AMP show a weak dependence upon catalysts, also indicates a mass transfer limitation.  
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Fig.8. Effects of metals (0.25MPa O2 and 393K) 
 
We have proposed a tentative degradation pathway of AMP based on the identified products and the 
context of the current amine degradation schemes [9]. Oxygen is supposed to play an important role in 
this mechanism of AMP degradation. The initiating radicals in solution abstract a hydrogen at the carbon 
atom adjacent to the OH group to form a new radical (HOC·HC(CH3)2NH2), because the C-H bond 
adjacent to hydroxyl group is the weakest hydrogen-containing bond in AMP molecule. The newly 
formed alkyl radical can transform to the corresponding peroxyl radical by a fast reaction with O2.  
Thereafter, the peroxyl radical propagate the oxidative degradation of AMP. In the presence of sufficient 
concentration of dissolved oxygen, the rate of the initiated oxidation does not depend on the oxygen 
pressure, but the initiation step limits the oxidation.   
Having a weak O-O bond, peroxides split easily into free radicals, which are usually used to initiate a free 
radical reaction. Potassium persulfate (K2S2O8) was used as the initiator in this work. K2S2O8 decomposes 
by O-O bond homolysis to produce sulfate radicals. In alkali aqueous solutions, generation of hydroxyl 
radical and superoxide anion except for sulfate radical was proved experimentally by Furman et al. [10]. 
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The formed radicals can accelerate the initiation of the oxidation of AMP. Thus, the degradation rate of 
AMP would be increased dramatically in the presence of sufficient dissolved oxygen. The experimental 
result show that the degradation rate only increased approximately 2.5% after 66 hours when the initial 
concentration of K2S2O8 up to 7.5g/L. The increasing of the degradation rate of AMP was not high as 
expected; we believe the formation of peroxyl radicals was limited by O2 mass transfer.  
0 10 20 30 40 50 60 70
1
2
3
4
5
6
AM
P 
C
on
ce
nt
ra
tio
n 
(m
ol
/k
g)
Time (hours)
 Without Persulfate
 + 7.5g/L Potassium Persulfate
 
Fig.9. Effect of potassium persulfate (0.25MPa O2 and 393K) 
 
3.5. Effect of CO2 
Use of amines solvents to remove CO2 from flue gases is our ultimate goal, thus it is essential to have a 
good understanding of the effect of CO2 on amines degradation. Previous reports on the effect of CO2 
loading on amines degradation rate are contradictory. Bello et al. [11] studied mechanistic-based kinetics 
of the oxidative degradation of CO2 loaded MEA. The results showed that the rate of MEA degradation 
decreases with an increase in CO2 loading for the MEA-H2O-CO2-O2 system. This result is consistent 
with other observations [7,8,12]. The authors concluded that the presence of CO2 lowers the O2 solubility 
because of a salting-out effect and increased diffusion coefficient. Supap et al. [12] thought the presence 
of CO2 to induce more stable products so that further degradation was reduced. Chi [8] reported the 
opposite effect of CO2 loading on MEA oxidation. A dramatic increase in NH3 production rate was 
observed in CO2 loaded solutions as compared to unloaded MEA solutions in the presence of iron as 
catalyst. It was suggested that the MEA carbamate species was more susceptible to oxidation than free 
MEA, and the low pH of the solution allowed more iron to stay in solution and catalyze oxidation.   
Some researchers quantified degradation rates using amine loss, while other researchers determined   
degradation rates through the formation rates of different degradation products, such as measurement of 
NH3 evolution rate from the amine solution or the change of the concentration of anions. Quantification 
of the amine degradation rate using different criteria may lead to contrary conclusions. H2SO3, HNO3 and 
CO2 were found to cut down the route to NH3 formation and instead induced the formation of formate and 
acetate heat stable salts in MEA solution [13]. For evaluation of the amine degradation rate in different 
conditions, we prefer the loss of amine to quantify the degradation rate until the degradation mechanism 
is fully understood. 
An important observation from the obtained data in this work is that the AMP solutions with CO2 loading 
appear to degrade faster than the solutions without CO2 loading.  From Figure 10, it can be found that a 
significant increase in the degradation rate of CO2 loaded solution compare to the unloaded AMP 
solutions in the experimental conditions. After 120 hours, the degradation rate of AMP was 8.8%, 11.6%, 
and 13.2% for the solutions with loading of 0, 0.15 and 0.30 mol CO2 /mol AMP, respectively. GC-MS 
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analyses and additional liquid analyses revealed that CO2 had no significant effect on the concentrations 
of produced anions and acetone, but the concentration of 4,4-dimethyl-2-oxazolidinone increased 
dramatically in loaded solutions. This indicates the degradation mechanism did not change in loaded 
solutions, but the formation rate of 4,4-dimethyl-2-oxazolidinone increased because of the higher 
concentration of CO2 in loaded solutions. 
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Fig.10. Effect of CO2 loading (0.25MPa O2 and 393K) 
 
4. Conclusion 
AMP is not stable and its degradation rate was close to that of MDEA under the identical conditions. The 
steric hindrance in AMP does not prevent oxazolidinone formation. Temperature slightly affected the 
degradation rates of AMP, but the degradation rates strongly depended on O2 partial pressure. The weak 
dependence of the degradation rates of AMP on catalysts and radical initiator and the strong dependence 
of the rates on agitation rate and O2 partial pressure indicate a mass transfer limitation under experimental 
conditions.  Degradation rates of AMP apparently increased with CO2 loading.  
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